Background: The present study optimized ultrasound-assisted extraction conditions to max-
Introduction
Licorice is a well-known Chinese herb, which has been used in food and medicinal remedies for thousands of years. 1 Licorice has been the most important ingredient of Chinese tradi-glycyrrhizic acid and glycyrrhetinic acid of triterpene, liquiritinapioside, liquiritin, isoliquiritinapioside and isoliquiritin of flavonoids and so on. 6 Glycyrrhizic acid (GA) is the principal saponin in licorice and is an indicator of licorice quality. 5, 7 GA is widely used as a major therapeutic agent to treat chronic viral hepatitis and allergic dermatitis. 8 It is also known to have anti-inflammatory, anti-carcinogenic, antiallergic, anti-arthritic, anti-asthmatic, antibacterial, analgesic amphiestrogenic, and hepato-protective properties. 9, 10 In recent years, the ultrasound-assisted extraction method has been used to effectively extract chemical constituents from plant materials. 11, 12 Ultrasound enhances the extraction efficiency of organic compounds possibly through cavitation, which occurs in the solvent by the passage of ultrasonic waves. 13 This facilitates better penetration of the solvent into the sample, increasing the release of compounds from the matrix into the solvent. 14 Optimization of the experimental conditions is a critical step in developing a successful ultrasound-assisted extraction process since several process variables, such as, ultrasound power, process temperature, and sonication time affect the extraction efficiency. 15 Response surface methodology (RSM) is a collection of statistical and mathematical techniques used for developing, improving, and optimizing processes in which a response of interest is influenced by several variables, with the eventual objective of optimizing this response. 16 RSM has a major advantage over the one-factor-at-a time approach in that it allows for the evaluation of the effect of multiple variables and their interactions on the output variables with a lesser number of trials. 17 The optimization of the extraction process using RSM would not only serve as a visual aid to have a clearer picture about the effects of various factors on extraction but also help us to locate the region where the extraction is optimized. 18 In order to extract the bioactive compounds of the natural products, the RSM has been widely used in many studies. [19] [20] [21] [22] [23] For modeling, we used the central composite design (CCD) method for experimental design, and the results were fitted with a polynomial equation in the vicinity of the optimal condition. 24 Therefore, the aim of the present study was to optimize variables of the ultrasound-assisted extraction method such as temperature, time, and concentration of methanol using response surface methodology, by employing central composite design to maximize the extraction of GA from licorice.
Methods

Plant material and reagents
The licorice used in this study was grown in China and purchased from an Oriental pharmacy in Geumsan, South Korea. It was authenticated by Dr. Goya Choi at the Korea Institute of Oriental Medicine (KIOM). Prior to extraction, the sample was pulverized using a disintegrator and then passed through a 600 m sieve. A voucher specimen was deposited in the herbarium of the Herbal Medicine Resources Group at KIOM. 
Experimental design
To further study the interaction between the factors, we optimized the operating conditions by RSM and used the central composite design (CCD) method. The range and center point values of three independent variables presented in Table 1 were based on the results of preliminary experiments. This generated 20 treatments with six replications at the central points to estimate the repeatability of the method (Table 2) . Extraction temperature (X 1 ), extraction time (X 2 ), and methanol concentration (X 3 ) were chosen as the independent variables. This design was applied to investigate the optimal working conditions for the extraction of GA from licorice.
Statistical analysis
All the analyses were carried out in triplicate and the experimental results were expressed as mean values. Statistical analysis was performed using the Minitab 16 (Minitab Inc., State College, PA, USA) software. A response surface analysis and analysis of variance (ANOVA) were employed to determine the regression coefficients and statistical significance of the model terms and to fit the mathematical models of the experimental data that aimed to optimize the overall region for response variable. 25 A second order polynomial model was applied to predict the response variables as 
where Y is the predicted response; ␤ 0 is the constant (intercept); ␤ 1 , ␤ 2 , and ␤ 3 are the regression coefficients for the linear effect terms; ␤ 11 , ␤ 22 , and ␤ 33 are the quadratic effect terms; and ␤ 12 , ␤ 13 , and ␤ 23 are the interaction effect terms, respectively. 26 The adequacy of the model was determined by evaluating the lack of fit, coefficient of determination (p-value), and the Fisher test value (F-value) obtained from the analysis of variance (ANOVA) that was generated by the software. Statistical significance of the model and model parameters were determined at the 5% probability level. 27 
Results
HPLC analysis
The major compound of licorice, glycyrrhizic acid (GA) was detected at 254 nm and representative HPLC chromatograms are shown in Fig. 1 . For GA concentrations from 12.5 to 200 g/mL, the regression equation was Y = 17842X − 4192.5, which presented good linearity (r 2 = 1.0000). 
Effect of solvent type on the extraction method
The effect of solvent type on the extraction method was investigated at the beginning of the study. The choice of an appropriate solvent is the most important parameter to be optimized for the extraction of specific constituents. 12 The glycyrrhizic acid (GA) molecule has several hydroxyl groups, which renders it easily soluble when extracted by polar solvents. 28 In previous studies, different solvents such as methanol, ethanol, and water have been tested. 8, 9, 28, 29 To select the appropriate extraction solvent, we measured the yields of GA in different solvents. Table 3 shows significant differences in the extraction yields for the three solvents used (p < 0.001). The yield of GA was highest with methanol (0.845 ± 0.030), and therefore methanol was chosen as the extraction solvent for the design of experiments.
Statistical analysis and model fitting
A total of 20 runs were needed for optimizing the three individual parameters in the current CCD. Table 2 shows the experimental conditions and the GA extraction yield results according to the factorial design. The ANOVA results (Table 4) shows that it is possible to plot the response surface for this experimental design. The correlation measure for testing the goodness-of-fit of the regression equation is the adjusted determination coefficient (R 2 adj ). 30 The value of R 2 adj is 0.902, which is reasonably close to 1 and indicates a high degree of correlation between the observed and predicted values. 15 The lack-of-fit (p-value) was calculated as 0.126. The fitness of the model was evaluated through the lack of fit test (p > 0.05), which indicated the adequacy of models to accurately predict the variation. 25 The significance of the F-value depends on the number of degrees of freedom (DF) in the model and is shown in the pvalue column (95% confidence level). Thus, the effects lower than 0.05 in this column were considered significant. 31 The corresponding variables would be more significant if the Fvalue becomes greater and the p-value becomes smaller. 32 The 
Fig. 1 -HPLC chromatogram of glycyrrhzic acid in standard (a) and sample (b).
Optimization of GA extraction conditions by RSM
The application of RSM offers, based on parameter estimates, an empirical relationship between the response variable (extraction yield of GA) and the test variables under consideration. By applying multiple regression analysis on the experimental data, the response variable and the test variables are related by the following second-order polynomial 
where Y is the yield of GA (%) and X 1 , X 2, and X 3 are the coded variables for extraction temperature, extraction time, and methanol concentration, respectively. Table 5 shows the regression coefficients for each term in the model and the Student's t-test statistics and probability values for the significance of the terms. The p-value is used as a tool to check the significance of each coefficient and the interaction strength between each independent variable. 33 The corresponding variables will be more significant if the absolute t-value becomes larger and the p-value becomes smaller. 34 Thus, the smaller the values of p were, the more significant the corresponding coefficients were. It can be seen from this table that the linear coefficients (X 1 , X 2 , X 3 ) were significant at the level of p < 0.01 or p < 0.001. The quadratic terms for all factors X 1 X 1 , X 2 X 2 , X 3 X 3 and the interaction fac- tors X 2 X 3 were significant, with very small p-value (p < 0.001). The other coefficient terms were considered not significant (p > 0.05).
The 3D response surface plot and 2D contour plot are the graphical representations of the regression equation, and the results of the GA extraction yield, as affected by the extraction temperature (X 1 ), extraction time (X 2 ), and methanol concentration (X 3 ), are presented in Fig. 2. In Fig. 2a , the 3D response surface plot and the contour plot were developed for the extraction yield of GA with varying extraction temperature and extraction time at fixed methanol concentration (70%). At a fixed extraction time, the GA yield increased with increasing extraction temperatures ranging from 43 • C to 69 • C. The 3D response surface plot and the contour plot in Fig. 2b show the extraction yield of GA as a function of extraction temperature and methanol concentration at a fixed extraction time (45 min). Higher yields of GA were obtained with higher extraction temperatures and lower methanol concentrations, within the chosen experimental range. The extraction yield of GA affected by different extraction times and methanol concentrations are given in Fig. 2c , when the extraction temperature was fixed at 60 • C. The interaction between the extraction time and the methanol concentration was very significant (p < 0.001). The response curves demonstrate that higher yields are obtained at shorter extraction time and lower methanol concentrations.
Discussion
Response surface methodology plays a key role in identifying the optimum values of the independent variables efficiently, optimum values under which dependent variables could achieve a maximum response. 27 The response surface plot and contour plot provide a method to visualize the relationship between responses and experimental levels of each variable and the type of interactions between two test variables. 30 In this experiment, at a fixed extraction time the GA yield increased with increasing extraction temperatures. The same result was obtained by Charpe et al., 4 and so it can be considered that the solubility of GA increases with an increase in temperature, and hence the amount of extracted GA also increases. Moreover, it was found out that the GA yield increased with an increase in extraction time followed by a decline with further increases of the extraction time. The extraction yield decreased, which may be due to bioactive degradation upon extended ultrasound activity. 12 Mason et al. 35 reported that ultrasound can induce acoustic cavitation and rupture of plant cells. When extraction time is extended, plant cells are completely cracked by the effects of acoustic cavitation, and extraction yields increase. However, when plant cells rupture, insoluble substances and cytosol get suspended in the extraction liquid, thus resulting in the lower permeability of the solvent. 36 Moreover, specific constituents get re-adsorbed on the ruptured plant particles due to their relatively large specific surface areas, and this decreases the yields of the recovered compounds. 11 Therefore, it is counterproductive to extend extraction duration once the maximum extraction yield has been achieved. 12 A numerical optimization was performed through the desirability function method to determine the optimum level of process variables to obtain maximum GA extract yield. A methanol concentration of 57%, extraction temperature of 69 • C, and a 34 min extraction time were determined to be the optimal conditions for extraction. The maximum response was found as 3.406% under these operating conditions. The experiment was repeated to recheck the procedure, and this was performed in triplicate, at the optimal conditions, to compare the predicted result with the practical value. A mean value of 3.414%, was obtained from the actual extraction procedure, and this demonstrates the validity of the RSM model, indicating that the model is adequate for this extraction process.
In the present work, response surface methodology with a central composite design (CCD) was applied to investigate the ultrasound-assisted extraction of glycyrrhizic acid from licorice. The experimental results showed that all three process variables, that is, the extraction temperature, extraction time, and methanol concentration, contributed to the extraction of GA. The optimal extraction conditions of GA were determined as follows: extraction temperature 69 • C, extraction time 34 min, and methanol concentration 57%. Under these conditions, the experimental yield of GA was 3.414%, which agreed closely with the predicted yield value (3.406%).
The experimental values agreed with those predicted by RSM models, thus indicating the suitability of the model employed and the success of RSM in optimizing the extraction conditions.
